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ByCharlesB.Rumsey

SUMMARY

Aerodynamic-heat-transfermeasurementshavebeenmadeata station
onthe10°total.mgle conicalnoseofa rocket-propelledmodelatflight
Machnumbersfrom1.4to 3.9. ThecorrespondingvaluesoflocalReynolds
numbervariedfrom18x 106 to 46x 106 andtheratioof skintemperature
tolocalstatictemperaturevariedfrom1.2to2.4. Theexperimental
data,reducedtoStantonnumber,wereinfairagreementwithvaluespre-
dictedby VanDriest’stheoryforheattransferona conewithturbulent
flowfromthenosetip.

.
Dragcoefficientsweremeasuredontheheat-transfermodelandona

similarfin-stabilizedcQne-cylindermodeloffinenessratio21.4at sev- “
eralMachnumbersbetween2.5and6.9. ValuesofReynoldsnumberbased
onbodylengthwerebetween4 x 106and225x 106. EstimatedVdlES of
totaldragcoefficient,basedon computedcomponentdrags,wereingood ‘
agreement~fiththemeasurementsatMachnumbersof2.75,3.75,and6.o
butwereapproxhately20percenthigherthanthemeasurementsatMach
number6.9. A reductioninmeasureddragcoefficientoccurredasMach
numberdecreasedfrom6.5to6.3withcorrespondingReynoldsnumbers
basedonbodylengthof29x 106and14x 106,respectively.Thereduc-
tionin dragcoefficientisattributedtogrowthofthelaminarboundarj
layeroverthebody,andthemeasuredchangeagreesreasonablywellwith
thetheoreticallycomputedchangeinfrictiondragcoefficient..

A
isthe

currentprogramof
development.ofits

INTRODUCTION “ ~

theLangleyPilotlessMrcraftResearch”Ditision
rockettesttechniquetoenablefree-flight-

testingatMachnumberswellinto.thehypersonicrange.Thisprog&mis I
theresultofan obviousneedfordata~ thisMachnumberraz@e~oruse
inthedevelopmentandevaluationoftheoryandinthedesignofhigh-speed I
missilesandairplanes.
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Thefirsttwomodelsinthisprogram,whichwereexploratoryin
nature,reachedMachnumbersof5.0and5.6andskin-temperaturemeasure-
mentsata singlestationonthenoseofeachmodelwereobtained.These
aerodynamicheatingdatahavebeenpresentedinreference1. A further
stepintheprogramwastheflighttestofa modelb Machnuniber6.9.
Reportedhereinaremeasurementsof skintemperatureat a stationon the
noseof thismodel.Althoughtheskin-temperatureinst~nt failedat
Machnumber3.9,andbeforemaximumskintemperaturehadbeenreached,
thelimiteddab obtainedarepresentedbecauseofthescarcityofheat-
transferdataatthehighstagnationtemperaturesandReynoldsnumbers
correspondingto”freeflightattheseMachnumbers.

Alsoreportedhereinaremeasurementsof dragcoefficientobtained
fromthemodeltestedtoMachnuder 6.9,andfromthemodelpreviously
testedtoMachnumber5.6(model2 ofref.1). ~ag datafromthesetwo
testssrecomplementarysincethemodelconfigurationsweresimilar.

Aerodynamicheat-transferdatameasuredon theconicalnosearepre-
sentedintheformoflocalStantonnumberforthelocalMachnumber
range1.4to3.7. ThecorrespondingReynoldsnumbersbasedonconditions
justoutsidetheboundarylayeratthemeasurementstationandlength
fromthenosetiprangedfrom18x 106to46x 106.

Totaldragcoefficientsforthisfin-stabilized,cone-cylindercon-
figurationwereobtainedat severalMachnumbersbetween2.5and6.9and
atReynoldsnumbers,basedonbodylength,between4x 106and225x 106.

The
Research
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flighttestswereconductedat
StationatWallopsIsland,Va.
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area,sqft

the“LangleyPilotlessAircraft

absolutedeceleration,ft/sec2
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specificheatofairat cons~t pressure,Btu/slug-%
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specificheatofwallmaterial,Btu/lb-??

drag,lb

gravitationalconstant,32.2ft/sec2

localaerodyna&cheat-transfercoefficient,Btu/sec-sqft-OF

mechanicalequivalentofheat,778ft lb/Btu

thermalconductivityofair,Btu-ft/sec-OF-sqft

sx.ialdistancefromnoseto
station,ft

axialbodylength,ft

Machnuaiber

Pramdtlnumber,$P/K

skin-temperature-measurement

/
localReynoldsnumber,~VvZ ~

free-stream

quantityof

/
Reynoldsnumber,POVOLPO

heat,Btu

dynamicpressure,lb/sqft

T - Tv
recoveryfactor, aw

Tso - Tv

maximumbodycross-sectional’area,0.267sqft

temperature,%

ttiefromstartofflight,sec

velocity,ft/sec

weightofmodel,lb

stephaJ1—Boltzmamlconstant,4.8x 10-13Btu/sec-sqft-%4
.

ratio.of emissivityofskintoemissivityofblackbody

—.--———..
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8 anglebetweenmodellongitudinalaxisandhorizontal,deg

P densityofair,slugs/cuft

Pw densityofwallmaterial,lb/cuft

T thicknessofwall,ft -L

Y ratioofspecificheatsof”air,1.4

v viscosityofair,slugs/ft-sec

Subscripts:

aw adiabaticwall

o undisturbedfreestres.maheadofmodel

so stagation ‘

v justoutsidetheboundsrylayer

w wall

MODEISANDTESTS

ModelConfiguration

Thegeneralconfigurationandpertinentdimensionsof thetwotest
models,designatedmodels1 and2,areshuwninfigurel(a).Dragmeas-
urementsfrm model1 (whichismodel’2 ofref.1)anddragaudheat-
transfermeasurementsfrommodel2 arethesuljectsofthisreport.Fig-
ure1(b)isa photographofmodel2.

Thebody,whichwassimilarforbothmodels,wasa cone-cylinderof
finenessratio21.4. !12heconicalnosehada totalangleof10°,was
40incheslong,andwasconstructedofInconelskinappro-tely
0.03inchthickexceptfm thetipwhichwas-de ofsteel,hollowedout
as showninfigurel(a),andweldedtotheskinat station6. Oneach
modeltheexteriorsurfaceofthenoseskinwashighlypolishedandthe
surfaceroughnesswasappro-tely 5 microinchesrootmeansquareas
measuredby a PhysicistsResearchCo.Profilmeter.Thecylindricalbody
whichhousedthesustainermotorwasrolJedfromsheetsteel.

Foursteelfinswereweldedtothebodyatthebase. Theplanform
ofthefinswaathesameonbothmodelsbutthefinthicknessand

.—— ——-——.———..—— —.— .—. . ..
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leading-edgeshapedifferedas showninfigurel(a). Thethicknessat “
therootwas0.2inchonmodel1,0.3tichonmodel2,andtaperedline-
srlyto0.1inchat thetiponeach. Theleadingedgeofthefinson
model1 consistedofa 5°includedanglewedgewiththeedgeroundedto
a 0.03inchradius.Theleadingedgeofthefinsonmodel2 consisted
ofa 45°includedanglewedge0.06inchthickfollowedby a 4°half-angle -
slope.

A total-pressuretubeona pylonhavinga double-wedge-~rofilewas
mountedat thefrontofthecylindricalbodyofmodel1 as showninfig-
urel(a).Thetotal-pressuremeasurementsareextrinsictothisreport
andthetubeismentionedonlybecauseit constitutesa differencein
configurationbetweenmodels1 and2.

Instrumentation

A four-channeltelemeterwaacarriedinthenoseof’eachmodel.The
telemeterwasprotectedfromthehightemperatwesreachedby theskin
duringflightby a radiationshieldwhichconsistedofa secondInconel
conelocatedapproximately1/4inchinsidetheexteriorSW.

Measurementsof skintemperature,dragdeceleration,t@t acceler-
ati~,andtotalpressureweretelemeteredfrommodel1. Theskh tem-
perature,measuredat station22.5onthismodel,wasreportedinrefer-
encel’.Thedragaccelerometermeasurementsarereportedherein.Thrust
accelerationandtotalpressureweremeasuredin ordertoobtainvelocity
incaseofa radartrackingfailure.

Thetelemeterinmodel2 transmittedmeasurementsofa skintemper-
aturepickup,a dragaccelerometer,a thrustaccelerometer,anda trans-
verseaccelerometer.Resultsfromtheskintemperatureanddragmeasure-
mentsarereportedherein.Thrustandtransverseaccelerationswere
measuredtoprovideveloci~datain caseoffailureoftheradartracking
unitandtoaidintheanalysisin caseofa structuralfailure.(Neither
failureoccurred.)

Skintemperaturewasmeasuredontheconicalnoseofmodel2 at sta-
‘tion31bymeansofa resistance-typetemperaturepickupcementedtothe
insidesurfaceof theskin.Theresistanceelementconsistedofa plati-

.
nmnwire0.0005inchin diameterandapproximately1:incheslong. The

constructionandaccuracyoftheinstrumentaredescribedinreference2.
(Alsoseesectionon “Accuracy.”)Therewerenoattachmentstothenose
skinwhichwouldcontributetothethermalcapacityoftheskinandaffect
itstemperature.Althoughthetemperaturepickupfailedbeforethemodel
reachedmaximumvelocity,datawereobtiinedatMachnumbersup to 3.9.
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Themodelswere
employeda two-stage
2.5-IE-59000booster

PropulsionandTestTechnique

launchedatelevationanglesof
propulsionsystemconsistingof
rocket,whichdragseparatedat

NACARM L55G28a

l)eaconsustainermotor,c=ied~~ We model,w~ch i~ted ata pre-
determinedtimeafterboosterseparation.TheMachnumberwas2.9at
boosterseparation,wd the~~ Machn~ber of5.6occ~ed a* SUS-
tainerburnout.

Model2 employeda three-stigepropulsionsystemconsistingof two
~ JATOboosters(&hicharesimilartotheJ&IO,2.5-DS-59000rockets)
anda Deaconsus~inermotor.Figurel(c)showsthismodelandits
boostersonthelauncher.Thefirstboosteracceleratedthecombination
taa Machnumberof1.4anddragseparatedatburnout.Thesecond-stage
boosterandthemodel,whichwereheldtogetherby a lockingdevice,
coastedupwardfora predeterminedtimeuntilthesecondstagebooster
ignitedandacceleratedthemtoMachnmber 3.9. Chamberpressureofthe
firingboosterreleasedthe10- deviceallowingtheboostertodrag
separateatitsburnout.Afteranotherpredeterminedcoastperiod,the
sustainermotorignitedandacceleratedthemodeltothemaximumMach
numberof6.9.

VelociwandaltitudedataweremeasuredbymeansofCWDopplerradar
andSCR584trackingradarsets,respectively.Velocityandaltitudedata
formodel2 wereobtainedbeyondtherangeoftheradarsby integrationof
thetelemetereddragaccelerometermeasurements.Atisphericandtind
conditionsweremeasuredbymeansofradiosondeslaunchednearthetime
offlightagdtrackedby anAN/GMO-lARawinset.

TheflightconditionsofMachnumberandReynoldsnumberformodels1
and2 areshowninfigure2. Thesolidsectionsofthecurvesarethe
power-offportionsof thetrajectoriesduringwhichthedragofthemodel
wasmeasured.Testconditionsfortheaerodynamicheat-transfermeasure-
mentsonmodel2 aregiveninfigure3 whichpresentstimehistoriesof
theskintemperature,altitude,andMachnumberofthetesttrajectory.

DATAREDUCTION

Heat‘ITansfer

An expressionforthetimerateof change
canbewritten

ofheatwithintheskin

about70°. Model1
a JAN,
burnout,anda
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. Solvingfortheheat-transfercoefficientgives

(2)

Thisequationneglectsradiationlossesfromtheskintotheinnerradi-
ationshieldandheatabsorbedby theskinfromsolarradiation.

%
owever,

thetermrepresentingheatradiatedexternallyfromtheskin ~~Tw is
muchlargerthantheseandwasitselfneglectedsinceitwaslessthan
2 percentoftheaerodynamicheattransferat ttis.forwhichheat-
transfercoefficientsaredetermined.Alsoneglectedineqwtions(1)
and(2)istheheatflowalongtheskindueto conductionwhichisesti-
matedtobe lessthan1 percentoftheaerodynamicheattransfer.

Equation(2),neglectingtheradiationterm,wasusedto compute
heat-transfercoefficientsfromtheskin-temperaturemeasurementsfrom
model2. Thevaluesofskintemperatureandtherateof changeof sldn
temperaturewithtimewereobtainedfromthemeasureddata. Thethick-
nessof theskin T at the
thedensityofInconel,was
Inconelwithtemperatureis
reference1. Theremaining

Taw

temperaturestationwasmeasured,and ~,
known. Thevariationof specificheatof
givenforthepresenttemperaturerangein
quantityTal~wascomputedfromtheequation

(=RFTso- Tv) +Tv (3)

Valuesof RF weredeterminedfromtheusualturbulentrelation

RF=Pr 1/3 with Pr basedon skintemperature.Valuesof Tv were
obtainedfromtheconicalflowtables(ref.3)withtheconeangleand
free-streamconditionsofMachnumberad temperatureknown.Stagnation
temperaturewascomputedfromtheenergyequation

f

Tso

To CP dT

mR@@3.~

(4)

-.— __ .—. — .— _ .—-a __..
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@king intoaccountthevariationofspecificheatofairwithtem-
perature.Valuesoftheintegralinequation(4)wereobtainedfrom
table1 ofreference4. At a Machnumberof4 infreeflight,stagna-
tiontemperaturescomputedfromequation(4)“areonlyabout3 percent
lowerthanvaluescomputedfromtherelation

T ( )SO~Tol+’~M2 .2 (5)

whichassumesCp ofairtobe constant.Theresultirigdifferencein
T~w,asobtainedfromequation(3),isofiyslightlygreaterthan3 per-
cent.However,thevaluesof h computedfromequation(2)canbe
affect&dbymuchmorethan3 percent,dependingonthetiue of ~~,
sincethedenominatorofequation(2)is Taw- ~. Fortheconditions
ofthepresenttest,computationof Tso withtheassmptionof con-.
s-t Cp (eq.(5)) wouldhaveresultedinlowerexperhental.values
of h. Thevalueswo~d havebeenlowerby ansmountvaryingfromless
~ 1.5percentatthelowerskintemperaturestoabout15percentat
thehighestskintemperature.

Afterdeterminingh, thelocalStantonnumberCH = ~ was
Cppvvv

computed. Thespecificheatofairat Tv wasobtainedfromreference5.
Valuesofvelocityanddensityjustoutsidetheboundarylayerwere
obtainedfromtheconicalflowtables(ref.3)withconeangleandfree-
streamconditionsofMachnumber,temperatureanddensitY~o~.

Dragdatawereobtainedfromthetelemeteredmeasurementsofthe
dragaccelerometerandalsofromdifferentiationoftheCWDopplervelocity
record.Valuesof”totildragcoefficientwerereducedfromthetelemetered
drag-accelerometerdatafromtherelation

W ‘LcD=~=–—
qs g qs

.. .

where AL isthe
Theweightofthe
computedfromthe

telemetereddragdecelerationinfeetpersecondsquared.
modelandthereference;”areawerehewn, and q was
velocityandaltltudetimehistoriesandradiosondedata. .

—— _.— —..-. . — . .
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Competitionof thedragcoefficientfromCWDopplervelocitydata
requiresthattheflight-pathangle (3bedown. Therelationis

~D=~(a -g Sine)
g qs

where a is
thevelocity
slopeof the
radar.

therateof changeofvelocityobtainedby ~ferentiating
timehistory.Valuesof e wereobtainedbymeasuringthe
flight-pathtrajectoryasrecordedby”theSCR584tracking

Accuracy

Formodel1 andformodel2 throughthethe ofpeaklhchnumber,
themeasurementsofMachnumberareaccuratewithinM.01, themaximum
probableerrorinReynoldsnumberiswithin*2percent,andthemcdmum
probableerrorin CD iswithin*5 percent.Theaccuracyofthemeas-
urementsformodel2 decreasedduringthefinalcoastaftermaximum
Machnumberbecauseoftheincreasingaltitudesad’rangeofthemodel.
At thelimitof thetrajectorywheretheaccuracyispoorest,themaxi-
mumprobableerrorinMachnumberiswithin~0.1,themaximumprobable
errorinReynoldsnumberiswithinabout~ percentandthemaximum
probableerrorin CD isbelievedtobewithin+20percent.The
maximumprobableerrorin theskin-temperaturemeasurementsmde on
model
which
of*3

2 iswithinti percentof thefull-scalerangeof theinstrument,
was1600°F. Thisresultsinamaximmprobableerrorin ~/Tv
percentat themximumtemperaturemeasured.

RF$HJLTSANDDISCUSSION

AerodynamicHeat‘I&ansfer

Theskintemperaturesmeasuredat station31 on theconicalnoseof
model2 areplottedagainsttimeinfigure3 along withtheMachnumber
andaltitudeconditionsofthetest. Theaerodynamicheating&d cooling
oftheskiti’wasmoderateuntilfiringofthesecond-stageboosterat
11.4seconds;afterwhichtime,theskinheatedrapidly.Themaxhnm
rateofriseof skintemperaturewas230°F persecond.Theskintem-
peraturehadreached700°F whenthepickupfailed.

.

Accordingtothetheoryofreference6,
ona conewithturbulentboupdarylayerfrom

~~i-~r,-~——_-:

th.k

the
aerodynamicheattransfer
noseisa functionofthe

— —— —-..-——- --
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localMachnumberjustoutsidetheboundarylayer,thelocal.Remolds
number(basedonlengthfromthenose)andtheratioofwalltemperature ‘
tolocalstatictemperature.Inthepresenttests,theseparametersall
varytiththe andtheirindividualeffectscannotbe isolated.‘I’he
measuredheat-transferrates,as inticatedby S&ton n~ber~arethere-
forepresentedasa functionoftimeinfigure4 forthelatterpartof
thetest,whentheaerodynamicheatingwasstrong.Alsoplottedon the
ssmetimescale,srethevariationsoflocalMachnumber,localReynolds
numbedbasedon lengthfromthenose.tipandtheratioofwalltempera-
turetolocalstatictemperature.van~iest’stheory(ref.6)fora cone
withturbulentboundarylayerhasbeenusedtoestimateCH forthesetest
conditionsandtheresultsareplottedforcomparisonwiththemeasured
values.

Theaweementbetweenthemeasurementsandtheoryisfair,the
greatestdifferenceoccurringduringthelast0.6secondofthetest(from
15.8secondsto16.4seconds).Herethemeasurementsareabout20percent
higherthantheth.eoryj thisisbelievedtobe a greaterdifferencethwi
canbe attributedtoinaccuraciesinthemeasmements.Fromthepresent
limiteddata,it cannotbe determinedwhetherthisdisagreement,andthe
lesserdisagreementsapparentatearliertimes,areduetoinaccuracyof
thetheoryor tounaccounted-fortestconditionswhichmayhaveexisted
suchaslaminarflowonthenoseof theconel,ora nonuniformskintem-
peraturedistributionaheadofthemeasurementstation.

.
In ordertoesti.mtethetemperatureat themeasurementstation

throughthetimeofmsxbmmMachnumber,a computationwasmadeusing
thetheoreticalheat-transfercoefficientspredictedby reference6.
Turbulentboundarylayerfromthenosetipaudan emissivityfactore,
equalto0.2(basedonref.7)wereassmed. Thecomputedtemperature
timehistoryisshowninfigure3 by thecurvelabeled“estimate.”
Althoughthepreviouslynoteddisagreementsbetweenmeasuredandtheo~
reticalheat-transfercoefficientsareapparentintheslightlydifferent
trendsoftherespectivecurves,theeffecton skintemperatureissnd-1
up to thetimeoffailureofthetemperaturepickup.

lMeasurementshigherthanthetheorymightbe explainedby thepres-
enceofa laminarboundarylayeroverpartof theconelengthaheadofthe
measurementstation,inwhichcasetheReynoldsn~berbasedont~b~ent
flowlengthwouldbelessthan Rv. Fortime16.2SeC,where~ ~s-
~eement occurs,a theoreticalvalueof CH basedona turbulentReynolds.
numberof13x 10bwouldbe inagreementwiththemeasurements.~S would.
indicatehminarflowtoa Reynoldsnumberof-about26x 106,sinceRv is
39x 106. However,becausespecificknowledgeofthetr~itionPoint
locationislacldng,thisexplanationcannotbe verified.

~~’ky-$

—.
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Aspreviouslystated,thereweresmalldifferencesbetweenthefins
ofmodels1 and2,andmodel1 carrieda total-pressureprobe.However,
a computationof theeffectsofthesedifferencesat M = 3.75 showed
thatthedragcoefficientsof thetwomodelswoulddifferby lessthan
2 percent.Therefore,thedragdatafromthetwomodelsareconsidered
tobefora singleconfiguration.

Themeasureddragcoefficientsareplottedasa functionofMach
numberinfigure5. ThedatabetweenMachnumbersof2.>and3.0were
obtainedfrommodel1 duringthecoastingperiodafterboostersepara-
tion.ThetwohigherMachnumbergroupsarefrommodel2;thegroup
betweenMach3.5and3.9correspontitothecoastingperiodaftersepa-
rationofthesecond-stagebooster,andthedatabetweenMachnumbers
of6 and6.9correspondstothecoastingtitermaximumMachnumber.No
satisfactorydatawereobtainedfrommodel1 aftermaximumMachnmnber
becauseofa structuralfailure.BothDopplerandtelemeterdatasre
shownin thetwolowerMachnumbergroups.Onlytelemeterdatawere
obtainedforthehighestMachnumbergroupsincemodel2 wasbe”yondthe
We oftheDopplerradaraftermaximmnllachnumber.

Estimatedvaluesof CD forllachnunbersof2.7>,3.75,6,and6.9
arealsoshownonfigure5. Thevalueswereobtainedbyc~uting the.
componentdrags.ThemeasuredReynoldsmxibersandestimatedskintem-
peratureswereusedin thecompetitionoffrictiondrag.Thepertinent
dab andthe,componentdragvaluesalongwiththereferences”(refs.8 to
11),usedintheirestimation,are’givenintable1. AtMachntiers2.75,
3.75and6.o,thecomputedvaluesof CD areingoodagreementwiththe‘
measuredvalues.At a Machnumberof6.9,thecomputedvalueishigher
thanthemeasurements.Thereasonforthisdifferenceisnotunderstood.

ThecomputedvalueOf CD atMachnumber6.9ishigherthanthat
atMachnumber6 &causea turbulentboundarylayerwasassumedatMach

(
nunber6.9 RL = )88x 106 anda laminarboundarylayerwasassumedat

( )
Machnumber6 RL = 4 x 106..Theexperimentalvaluesof CD decreased

(
by about0.036astheMachnumberdecreasedfrom6.5 RL . 29x 106 to

( )6.3 RL = 14x 106.
)

Sincechangesintheotherdragcomponentsare
negligible,thisdecreaseisattributedtoa reductioninfrictiondrag
asthehdnax boundarylayercoversprogressivelymoreofthebody.
Valuesoffrictiondragcoefficientwerecomputedforthemodelat M . 6.5
andat M = 6.3 assuminga transitionReynoldsnumberof14x 106 (laminar
flowovertheentirebodyat M = 6.3). Thedifferencein thecomputed
valueswas0.042;thisvalueisreasonablyclosetothemeasuredchange.

. . . . ..— — __ __ _.. _ ._ _____ ,——..— — ——— ...—. .
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CONCLUDINGREMARKS

Aerodynamicheat-transfermeasurementshave

NACARML55G28a

beenmadeontheconi-
calnoseofa rocket-propelledmodelat flightMachnumbersfrom1.4to

ThelocalMachnumber,whichistheMachnumberjustoutsidethe
%&dary layerat themeasurementstation,variedfrom1.4~ 3.7. me
correspondingvaluesoflocalReynoldsnumbervariedfrom18x 106to
46x 106andtheratioofskintemperaturetolocalstatictemperature
variedfrom1.2to2.4. Theexperimentaldata,reducedtolocalStanton
number,wereinfairagreementwithval-uespre~c~d byv= ~iest’s
theoryforheattransferona conewithturbulentflowfromthenosetip.

Dragcoefficientsweremeasuredon twosimilarfin-stabilizedcone-
cylindermodelsat severalMachnumbersbetween2.5and6.9. Valuesof
Reynoldsnumberbasedonbodylengthwerebetween4 x 106~d 225x 106.
Estimatedvaluesoftotaldragcoefficient,basedoncomputedcomponent
drags,werein goodagreementwiththemeasurementsatMachnumbersof
2.75,3.75,and6.obutwereapprom~ly 20percent~gher t- the
measurements‘ata Machnumiberof6.9. A reductioninmeasureddragcoef-
ficientoccurredasMachnumberdecreasedfrom6.5to6.3withcorre-
spondingbodylengthReynoldsnumbersof29x 106and14x 106,respec-
tively.Thereductionindragcoefficientis attributedtogrowthof the
laminarboundarylayeroverthebody,andthenmasuredchangeagrees
reasonablywellwiththetheoreticallycomputedchangeinfrictiondrag
coefficient.

LangleyAeronauticalLaboratory,
NationalAdvisoryCmmitteeforAeronautics,

LangleyField,Vs.,JtiY26,1955.

.
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- I.-, ESTIWTED ccMpmT Ixw comIcE3TlEl

\

M = 2.77 M = 3.7’5 M = 6.0 M = 6.9

!ondltions:
Reynoldsnumber based on body length . . . . . . . . Mm X 10G 157X 106 4,5 x 106 88 X IOG
Dmmdarylayer on body (assurmd) . . . . . . . . . . TurbulentTurbulent LmOinarTurbulent
~, average for bcdy (estimated),OF . . . . . . . . 403 “ 550 em

TW/Toforbody(e8tWtid). . . . . . . . . . . . . 1.74 2.29 3.87 3.%
Tw/Tofor fti(estWtid) . . .. . . . . .. . . . . . 1.37 1.69 2.44 2.19

;D ~l~s :

mictiondmgonfinsl- (refs. 8sm9) . . , . . . .
. .

0.0473‘ ,0.0417 0.0455 0.ti”83
Eaf3edrag on fins (ref. 10) . . . . ..”...... .0197 .ol~ .0062 .0051
Leading-edge drag (flow tables and ref. I-1) . . . . .12Q6 .0362 .0283 .0279
FTiction drag on body (refs. 6, 8, and9) . . . . . .m52 .0919 .0353 .0670
W3edra.g on b3?ly(ref.10) . . . . . . . . . . . . .1090 .0730 .0250 .@
Cone pressme&rag(ref.3) . . . . . . . . . . . . .0293 m . —.0216 .0206

Total . . . 0.3511 0.2835 0.1624 0.1739

%ransition assumed at R = 4 x 106 on the flna;
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